Metabolic engineering of anthocyanins in dark tobacco varieties.
In this study, we investigate the metabolic engineering of anthocyanins in two dark tobacco crops (Narrow Leaf Madole and KY171) and evaluate the effects on physiological features of plant photosynthesis. Arabidopsis PAP1 (production of anthocyanin pigment 1) gene (AtPAP1) encodes a R2R3-type MYB transcript factor that is a master component of regulatory complexes controlling anthocyanin biosynthesis. AtPAP1 was introduced to Narrow Leaf Madole and KY171 plants. Multiple transgenic plants developed red/purple pigmentation in different tissues. Quantitative real-time polymerase chain reaction (qRT-PCR) analysis showed that the expression levels of six pathway genes were increased two- to eight-fold in AtPAP1 transgenic plants compared with vector control plants. Dihydroflavonol reductase and anthocyanidin synthase genes that were not expressed in wild-type plants were activated. Spectrophotometric measurement showed that the amount of anthocyanins in AtPAP1 transgenic plants were 400-800 µg g-1 fresh weight (FW). High-performance liquid chromatography (HPLC) analysis showed that one main anthocyanin molecule accounted for approximately 98% of the total anthocyanins. Tandem MS/MS analysis using HPLC coupled to electrospray ionization and quadrupole time-of-flight mass spectrometry identified the main anthocyanin as cyanidin 3-O-rutinoside, an important medicinal anthocyanin. Analysis of photosynthesis rate, chlorophylls and carotenoids contents showed no differences between red/purple transgenic and control plants, indicating that this metabolic engineering did not alter photosynthetic physiological traits. This study shows that AtPAP1 is of significance for metabolic engineering of anthocyanins in crop plants for value-added traits.